OPICAL-DISK REPRODUCING APPARATUS, 
OPTICAL PICKUP APPARATUS AND 
OPTICAL -DISK RECORDING & REPRODUCING APPARATUS 



BACKGROUND OF THE INVENTION 

The present invention relates to an optical pickup 
apparatus for recording an information signal onto an 
optical disk and reading out an information signal 
recorded on the optical disk from the optical disk by 
using an optical beam radiated by a single light source 
at a single wavelength, as well as relates to an optical - 
disk reproducing apparatus and an optical -disk recording 
& reproducing apparatus, which employ the optical pickup 
apparatus, wherein the optical disk can have a plurality 
of types having different recording densities of the 
information signal due to different track pitches of 
recording tracks created on the optical disk. 

Conventionally, efforts have been made to increase 
the recording density of an information signal recorded 
on an optical disk used as a recording medium for 
recording the information signal. In the case of a 
magneto-optical disk having a diameter of about 64 mm, 
for example, the track pitch of recording tracks for 
recording an information signal on an optical disk has 
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been reduced from 1.6 microns to 0.95 microns only to be 
decreased again to 0.55 microns. As a result, there has 
been proposed a magneto - optical disk having a recording 
density increased by 5 to 10 or more times. 

To record an information signal onto an magneto - 
optical disk having a track pitch reduced as described 
above and to read out an information signal recorded on 
the magneto - opt ical disk from the magneto - optical disk, 
it is necessary to decrease the spot diameter of an 
optical beam used for scanning recording tracks created 
on the magneto - optical disk. 

More specifically, if the spot diameter of the 
optical beam is large in comparison with the track pitch, 
tracking cannot be carried out with a high degree of 
accuracy. That is to say, an information signal cannot be 
recorded onto or read out from a desired recording track. 
In addition, the amount of cross talk caused by 
interference between recording tracks increases, 
inevitably lowering the SN (signal to Noise) ratio. 

Thus, to reduce the spot diameter of an optical 
beam radiated to the magneto -optical disk, there has been 
proposed use of an optical pickup apparatus having a 
light source for radiating an optical beam with a small 
wavelength. To record and read out an information signal 
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onto and from a magneto-optical disk having a track pitch 
of 0.95 or 0.55 microns, for example, there has been 
proposed an optical -disk recording & reproducing 
apparatus employing an optical pickup apparatus provided 
with a semiconductor laser for emitting an optical beam 
with a wavelength of about 65 0 nm. 

If an optical pickup apparatus provided with a 
semiconductor laser for emitting an optical beam with 
such a short wavelength is used to record and read out an 
information signal onto and from an magneto - optical disk 
having a track pitch of 1.6 microns, the spot diameter of 
the optical beam is too small in comparison with the 
width of the recording track. Thus, tracking of a desired 
recording track cannot be carried out with a high degree 
of accuracy. That is to say, an information signal cannot 
be recorded onto or read out from a desired recording 
track with a high degree of accuracy. 

To enable an optical -disk recording & reproducing 
apparatus for recording and reproducing an information 
signal onto and from optical disks such as magneto- 
optical disks with different recording densities due to 
different track pitches to serve as an apparatus common 
to all the optical disks, there has been proposed an 
optical pickup apparatus having 2 light sources for 
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generating an optical beam with a large wavelength and an 
optical beam with a small wavelength respectively. 

This optical pickup apparatus employed in the 
optical -disk recording & reproducing apparatus is used by 
being switched from one of the light sources to the other 
so as to generate an optical beam with a wavelength 
appropriate for the track pitch of the optical disk 
mounted on the recording & reproducing apparatus . 

As described above, the optical pickup apparatus 
having a plurality of light sources requires components 
for switching the generated optical beam from one optical 
path to another. As a result, the size of the optical 
pickup apparatus inevitably increases, making it 
difficult to employ the unit in an optical-disk recording 
& reproducing apparatus that is made as small in size as 
possible . 

In addition, the power consumption of a 
semiconductor laser for emitting an optical beam having a 
wavelength of 650 nm is greater than the power 
consumption of a semiconductor laser for emitting an 
optical beam having a large wavelength, for example a 
wavelength of 780 nm. An optical pickup apparatus 
employing a semiconductor laser having a large power 
consumption is not suitable for a portable optical -disk 
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recording & reproducing apparatus employing a battery as 
a power source . 

Moreover, since a semiconductor laser having a 
large power consumption also has a large temperature 
coefficient and a large amount of heat dissipated by the 
semiconductor itself, it is necessary to take a measure 
for coping with the thermal dissipation of the 
semiconductor laser mounted on an optical pickup 
apparatus to get stable oscillation of an optical beam 
generated by the optical pickup apparatus. It is thus 
difficult to implement a small and thin optical pickup 
apparatus if such a measure is to be taken. 

Furthermore, a semiconductor laser for emitting an 
optical beam having a small wavelength is more expensive 
than the widely used conventional semiconductor laser for 
emitting an optical beam having a wavelength of 780 nm. 
Thus, the cost of the optical pickup apparatus and, hence, 
the cost of the optical-disk recording & reproducing 
apparatus employing the optical pickup apparatus cannot 
be reduced. 

SUMMARY OF THE INVENTION 

It is thus an object of the present invention 
addressing the problems described above to provide an 
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optical pickup apparatus for recording an information 
signal onto an optical disk and reading out an 
information signal recorded on the optical disk from the 
optical disk by using an optical beam radiated by a 
single light source at a single wavelength, as well as 
provide an optical -disk recording & reproducing apparatus 
employing the optical pickup apparatus, wherein the 
optical disk can have a plurality of types having 
different recording densities of the information signal 
due to different track pitches of recording tracks 
created on the optical disk. 

It is another object of the present invention to 
make the optical pickup apparatus even smaller and even 
thinner as well as to reduce the size of an optical -disk 
recording & reproducing apparatus and an optical -disk 
reproducing apparatus, which employ the optical pickup 
apparatus . 

It is a further object of the present invention to 
provide an optical pickup apparatus easy to manufacture 
and capable of generating a stable optical beam as well 
as to provide an optical -disk recording & reproducing 
apparatus and an optical -disk reproducing apparatus, 
which employ the optical pickup apparatus. 

To achieve the objects described above, in 
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accordance with an aspect of the present invention, there 
is provided an optical-disk reproducing apparatus capable 
of selectively reproducing an information signal from a 
first optical disk with recording tracks laid out thereon, 
being separated from each other by a track pitch equal to 
a first distance, or a second optical disk with recording 
tracks laid out thereon, being separated from each other 
by a track pitch equal to a second distance shorter than 
the first distance. The optical -disk reproducing 
apparatus includes a radiation means for radiating an 
optical beam to an optical disk mounted on the optical - 
disk reproducing apparatus, an objective lens for 
converging the optical beam radiated by the radiation 
means into an optical beam with a diameter smaller than 
the first distance but longer than the second distance, a 
liquid-crystal means provided on an optical path between 
the objective lens and the radiation means, a voltage- 
applying means for applying a driving voltage to the 
liquid- crystal means so as to change an electrode pattern 
of the liquid-crystal means, a discrimination means for 
determining whether an optical disk mounted on the 
optical -disk reproducing apparatus is a first optical 
disk or a second optical disk and a control means which 
drives the voltage-applying means to apply a driving 
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voltage to the liquid- crystal means so as to generate 
such aberration in the optical beam that the diameter of 
the optical beam is set at a value close to the first 
distance when the discrimination means determines an 
optical disk mounted on the optical -disk reproducing 
apparatus to be a first optical disk. 

In addition, in accordance with another aspect of 
the present invention, there is provided an optical 
pickup apparatus including a light source for emitting an 
optical beam having a wavelength of about 780 nm, an 
objective lens having a numerical aperture (NA) of about 
0.62 and serving as a means for converging the optical 
beam emitted by the light source and then radiating the 
converged optical beam to an optical disk and a spot- 
diameter control means for controlling the spot diameter 
of the converged optical beam radiated by the objective 
lens to the optical disk. 

The spot - diameter control means adjusts the spot 
diameter of the converged optical beam radiated by the 
objective lens to the optical disk to the track pitch of 
recording tracks formed on the optical disk. Thus, an 
information signal can be recorded onto and reproduced 
from an optical disk with any of a plurality of types 
having different track pitches. 
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The spot - diameter control means employed in the 
optical pickup apparatus is an aberration-generating 
means for generating aberration in the converged optical 
beam radiated by the objective lens to the optical disk. 
A liquid-crystal device is used as the aberration- 
generating means . 

Furthermore, in accordance with a further aspect of 
the present invention, there is provided an optical-disk 
recording & reproducing apparatus capable of recording 
and reproducing an information signal onto and from an 
optical disk with any of a plurality of types having 
different track pitches of recording tracks created on 
the optical disk. The optical -disk recording & 
reproducing apparatus includes a disk-rotation-driving 
mechanism on which the optical disk with any of a 
plurality of types having different track pitches of 
recording tracks is to be mounted, a discrimination means 
for determining a type of an optical disk mounted on the 
disk-rotation-driving means, a light source for emitting 
an optical beam having a wavelength of about 780 nm, an 
objective lens having a numerical aperture (NA) of about 
0.62 and serving as a means for converging the optical 
beam emitted by the light source and then radiating the 
converged optical beam to the optical disk and an optical 



pickup apparatus including a spot - diameter control means 
for controlling the spot diameter of the converged 
optical beam radiated by the objective lens to the 
optical disk, wherein the spot -diameter control means 
adjusts the spot diameter of the converged optical beam 
radiated by the objective lens to the optical disk in 
accordance with the type of the optical disk determined 
by the discrimination means . 

The above and other objects, features and 
advantages of the present invention will become apparent 
from the following description and the appended claims, 
taken in conjunction with the accompanying drawings in 
which like parts or elements denoted by like reference 
symbol s . 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing an optical pickup 
apparatus provided by the present invention and an 
optical -disk recording & reproducing apparatus employing 
the optical pickup apparatus ; 

FIG. 2 is a diagram showing a top view of recording 
tracks formed on a first magneto - optical disk having a 
low recording density; 

FIG. 3 is a diagram showing a top view of recording 
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tracks formed on a second magneto -optical disk having a 
medium recording density; 

FIG. 4 is a diagram showing a top view of recording 
tracks formed on a third magneto - optical disk having a 
high recording density; 

FIG. 5 is a diagram showing a perspective view of a 
liquid- crystal device employed in an aberration- 
generating means provided by the present invention; 

FIG. 6 is a diagram showing a top view of first and 
second electrode patterns set in the liquid- crystal 
device; and 

FIG. 7 is a diagram showing a partial cross section 
of the optical pickup apparatus in a state of generating 
astigmatism in an optical beam radiated to the magneto- 
optical disk. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following description explains an optical 
pickup apparatus provided by the present invention and an 
optical -disk recording & reproducing apparatus employing 
the optical pickup apparatus by referring to accompanying 
diagrams . 

As shown in FIG. 1, an optical pickup apparatus 10 
provided by the present invention is employed in an 
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optical -disk recording & reproducing apparatus that uses 
an optical disk, specially a magneto-optical disk 1, as a 
recording medium. The optical -disk recording & 
reproducing apparatus employing the magneto-optical disk 

1 as a recording medium is provided with a magnetic head 

2 for applying an external magnetic field to the optical 
disk 1. The external magnetic field is modulated in 
accordance with an information signal to be recorded onto 
the optical disk 1. As shown in FIG. 1, the magnetic head 
2 is placed at a position sandwiching the optical disk 1 
in conjunction with the position of an objective lens 15 
employed in the optical pickup apparatus 10. The position 
of the magnetic head 2 is symmetrical to the position of 
the objective lens 15 with respect to the optical disk 1 
which is driven into rotation by a spindle motor 3. The 
magnetic head 2 moves in the radial direction of the 
optical disk 1 along with the optical pickup apparatus 10. 

As shown in FIG. 1, the optical pickup apparatus 10 
provided by the present invention and employed in the 
optical -disk recording & reproducing apparatus has a 
semiconductor laser 11 used as a light source for 
emitting and radiating an optical beam to a signal - 
recording surface of the optical disk 1. 

In this embodiment, the semiconductor laser 11 
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emits an optical beam L x with a wavelength of about 780 nm. 
The semiconductor laser 11 is widely used as a light 
source of an optical pickup apparatus for recording and 
reproducing information onto and from an optical disk 
such as a compact disk that has a recording- track pitch 
of about 1.6 microns. 

On the path of the optical beam Li emitted by the 
semiconductor laser 11, a beam splitter 13 is provided. A 
grading 12 is inserted between the semiconductor laser 11 
and the beam splitter 13. The grading 12 divides the 
optical beam L x emitted by the semiconductor laser 11 into 
2 beams, namely, a main beam and a sub -beam, to obtain a 
tracking -error signal by a 3 -beam law. 

The beam splitter 13 splits the optical beam L x 
radiated to the optical disk 1 and a returning optical 
beam L, 2 reflected by the optical disk 1. The optical beam 
Li emitted by the semiconductor laser 11 passes through 
the beam splitter 13, propagating to the optical disk 1 
by way of a collimator lens 14 and an objective lens 15. 
The optical beam h 1 is emitted from the semiconductor 
laser 11 as spreading rays forming a predetermined angle 
of radiation. These spreading rays are converged by the 
collimator lens 14 into parallel rays. The objective lens 
15 further converges the parallel rays of the optical 
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beam Li leaving the collimator lens 14 into converged rays 
and radiates the converged rays to the signal - recording 
surface of the optical disk 1. 

The returning optical beam L 2 reflected by the 
optical disk 1 is again reflected by the beam splitter 13 
to a photo detector 18 by way of an optical detector 16 
and a multi-lens 17. The optical detector 16 converts the 
Kerr rotational angle of the returning optical beam L 2 
into a light intensity. The photo detector 18 detects 
data recorded on the optical disk 1 on the basis of the 
magnitude of a luminous energy. The magnitude of the 
luminous energy varies in accordance with changes in 
polarization-plane rotational angle, which take place in 
the returning optical beam L 2 reflected by the optical 
disk 1 hit by the optical beam L x . The photo detector 18 
converts the luminous energy into an output electrical 
signal . 

In this embodiment, the objective lens 15 for 
converging the parallel rays of the optical beam L a 
leaving the collimator lens 14 into converged rays and 
radiating the converged rays to the signal - recording 
surface of the optical disk 1 has a numerical aperture 
(NA) of about 0.62. The optical beam L lf which passes 
through the objective lens 15, being converged thereby, 
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has a wavelength of 780 nm. At a focal point f 0 , the 
optical beam Li forms a beam spot Bs with a spot diameter 
Sr of about 1.53 microns. 

That is to say, the optical beam Li having a 
wavelength of 7 80 nm is converged by the objective lens 
15 having a numerical aperture (NA) of about 0.62 and 
radiated to the optical disk 1. The beam spot Bs having a 
spot diameter Sr of about 1.53 microns is formed on the 
signal - recording surface of the optical disk 1, which is 
positioned at the focal point f 0 of the objective lens 15. 

By the way, FIG. 2 is a diagram showing a top view 
of recording tracks 21 formed on a first typical magneto- 
optical disk la having a diameter of about 64 mm like the 
ordinary magneto-optical disk 1 and a recording capacity 
of 140 MB. As shown in the figure, the recording tracks 
21 are formed with a track pitch Tp x of about 1.6 microns. 
A recording track 21 includes a groove 21G serving as an 
area for recording data and a wobbled land 21L. Two 
wobbled lands 21L are created on both sides of the groove 
21G. The wobbled lands 21L are used for recording a 
tracking- control signal and an address detection signal. 

FIG. 3 is a diagram showing a top view of recording 
tracks 22 formed on a second typical magneto - optical disk 
lb having a diameter of about 64 mm like the ordinary 
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magneto -optical disk 1 and a recording capacity of 650 MB. 
As shown in the figure, the recording tracks 22 are 
formed with a track pitch Tp 2 of about 0.95 microns. 

A land 22L serves as the data-recording area in a 
recording track 22. On one side of the land 22L, a groove 
22G1 is formed. On the other side of the land 22L, a 
wobbled groove 22G 2 for separating the recording track 22 
is formed for recording a tracking- control signal and an 
address detection signal. 

FIG. 4 is a diagram showing a top view of recording 
tracks 23 formed on a third typical magneto - optical disk 
lc having a diameter of about 64 mm like the ordinary 
magneto - optical disk 1 and a recording capacity of up to 
3 GB. As shown in the figure, the recording tracks 23 are 
formed with a track pitch Tp 3 of about 0.55 microns. 

A land 23L and a groove 23G serve as data - recording 
areas of 2 adjacent recording tracks 23. This land 23L 
and this groove 2 3G face each other along an unwobbled 
side. The wobbled side of the land 23L and the wobbled 
side of the groove 23G are used for recording a tracking- 
control signal and an address detection signal. 

By the way, to record an information signal onto a 
desired recording track on the optical disk 1 with a high 
degree of accuracy and to reproduce an information signal 

16 



accurately from a desired recording track of the optical 
disk 1, it is necessary to accurately scan the optical 
disk 1 for the desired track by using an optical beam 
emitted by the optical pickup apparatus 10. To scan the 
optical disk 1 for a desired recording track by using the 
optical beam with a high degree of accuracy, at least, it 
is necessary to generate a tracking control signal and 
use the signal for controlling the scan position of the 
optical beam. To generate the tracking control signal and 
scan the optical disk 1 for a desired recording track, it 
is necessary to radiate the optical beam to the entire 
width of the recording track to detect a wobbled land or 
a wobbled groove created on one or both sides of the 
recording track and used for recording a tracking - control 
signal and an address detection signal. 

In the optical pickup apparatus 10 provided by the 
present invention, the optical beam L x having a wavelength 
of about 780 nm is converged by the objective lens 15 
having a numerical aperture (NA) of about 0.62 as 
described above. Thus, the spot diameter Sri of a beam 
spot BSi at the focal position of the objective lens 15 is 
about 1.53 microns. 

As shown in FIGS. 3 and 4, the beam spot Bs x with 
the spot diameter Sri thereof reduced to about 1.53 
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microns is formed over the entire width of the recording 
track 22 of the second optical disk lb and the entire 
width of the recording track 23 of the third optical disk 
lc. The track pitch Tp 2 of the recording track 22 on the 
second optical disk lb and the track pitch Tp 3 of the 
recording track 23 on the third optical disk lc are set 
at respectively 0.95 microns and 0.55 microns which are 
both smaller than 1.53 microns set for the spot diameter 
Sti of the beam spot Bs x . By creating the beam spot Bsi 
over the entire width of the recording track 22 and the 
entire width of the recording track 23 and setting the 
spot diameter Sr x at a value exceeding the track pitch Tp 2 
of the recording track 22 and the track pitch Tp 3 of the 
recording track 23 as described above, the wobbled groove 
22G 2 and the wobbled land 23L or the wobbled groove 23G 
can be traced so that the tracking control signal can be 
generated for controlling the tracking position of the 
optical beam Li . As described above, the wobbled groove 
22G 2 is formed on one side of the recording track 22 of 
the second optical disk lb. On the other hand, the 
wobbled land 23L and the wobbled groove 23G are created 
respectively on both sides of the recording track 23 of 
the third optical disk lc. 

On the contrary, the track pitch Tpi of the 
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recording track 21 on the first optical disk la is set at 
1.6 microns, which are greater than 1.53 microns set for 
the spot diameter Sri of the beam spot Bsi obtained as a 
result of the convergence of the optical beam Li by the 
optical pickup apparatus 10 provided by the present 
invention. Thus, the optical beam L x cannot be radiated 
to the entire width of the recording track 21 as shown in 
FIG. 2. 

As a result, it is impossible to detect wobbled 
lands 21L formed on both the sides of the recording track 
21 for recording a tracking- control signal and an address 
detection signal. In consequence, it is also impossible 
to generate the tracking control signal for controlling 
the tracking position of the optical beam Li. In addition, 
since the tracking position cannot be detected, an 
information signal can be neither recorded nor reproduced. 

To solve the problems described above, in 
accordance with the present invention, the spot diameter 
Sr of the beam spot Bs converged on the signal - recording 
surface of the optical disk 1 is made variable so that it 
is possible to scan the optical disk 1 for a desired 
recording track by using the optical beam L x . It is thus 
possible to record and reproduce an information signal 
onto and from the optical disk 1 without regard to the 
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track pitch Tp of recording tracks created on the optical 
disk 1. That is to say, it is possible to record and 
reproduce an information signal, be the track pitch Tp of 
the optical disk 1 small or large. 

In particular, in accordance with the present 
invention, the spot diameter Sr of the beam spot Bs 
formed on the signal -recording surface of the optical 
disk l is treated as a controllable variable with the 
semiconductor laser 11 for emitting an optical beam 
having a wavelength of about 780 nm and the objective 
lens 15 having a numerical aperture (NA) of about 0.62 
used as they are. 

As a means for controlling the spot diameter Sr of 
the beam spot Bs formed on the signal - recording surface 
of the optical disk 1, there is provided an aberration- 
generating means for generating aberration in the optical 
beam h 1 converged by the objective lens 15 on the optical 
disk 1. 

As the aberration- generating means, a liquid- 
crystal device 31 is used. The liquid- crystal device 31 
is provided between the objective lens 15 and the beam 
splitter 13, which is used for separating the optical 
beam L 2 reflected by the optical disk 1 from the optical 
beam L t incident to the optical disk 1. It is desirable 
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to place the liquid-crystal device 31 on a path of 
parallel rays of the optical beam Li. As shown in FIG. 1, 
the liquid-crystal device 31 is located between the 
collimator lens 14 and the objective lens 15. 

The following description explains the principle of 
operation of the liquid- crystal device 31, which 
functions as an aberration - generating means. The 
molecular orientation of a crystal of the liquid - crys tal 
device 31 is controlled by a voltage applied to the 
liquid-crystal device 31. When a linear-polarization 
optical beam enters the liquid- crystal device 31, the 
polarization direction of the linear-polarization optical 
beam coincides with the molecular orientation. 

That is to say, assuming that an optical beam A is 
an optical for which the polarization direction of the 
linear-polarization optical beam is parallel to the 
molecular orientation while an optical beam B is an 
optical for which the polarization direction of the 
linear-polarization optical beam is perpendicular to the 
molecular orientation, the optical beam A is generated at 
an optical phase lagging behind that of the optical beam 
B. The optical phase lag becomes a maximum when the 
voltage applied to the liquid-crystal device 31 is zero. 
As described above, by controlling the voltage applied to 
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the liquid-crystal device 31, the molecular orientation 
of the liquid crystal can be changed. Thus, the optical 
phase lag of the optical beam A behind the optical B can 
also be controlled as well. As a result, by locally 
controlling the molecular orientations of the crystals 
composing the liquid-crystal device 31, local phase lags 
can be generated among optical beams passing areas of the 
liquid-crystal device 31, which have different molecular 
orientations . 

The optical beams having local phase differences 
are converged by a convergence lens such as the objective 
lens 15 to generate optical aberrations at the focal 
point due to the local phase differences. Typically, 
local shapes cause phase differences corresponding to 
astigmatism. As a result, the spot diameter Sr of the 
optical beam Li converged by the objective lens 15 is 
increased . 

The liquid- crystal device 31 employed in the 
optical pickup apparatus 10 provided by the present 
invention is explained concretely as follows. As shown in 
FIG. 5, the liquid- crystal device 31 includes a first 
electrode plate 33, a second electrode plate 34 and a 
liquid- crystal plate 32, which are sandwiched by the 
first electrode plate 33 and the second electrode plate 
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34. As shown in FIG. 6, the first electrode plate 33 
includes a pair of first electrode patterns 36a and 36b 
in addition to a second electrode pattern 37 having an 
elliptical shape. Electrically connected to each other, 
the first electrode patterns 36a and 36b each have an arc 
form so that the first electrode patterns 36a and 36b 
partially veil mutually interfacing both sides of an area 
corresponding to a circular aperture 35 through which the 
optical beam passes. The second electrode pattern 37 is 
formed on the area corresponding to the circular aperture 

35, which is enclosed by the first electrode patterns 36a 
and 36b. On the second electrode plate 34, there is 
formed a common electrode pattern 38 facing the first 
electrode patterns 36a and 36b as well as the whole 
second electrode pattern 37 . The first electrode patterns 
36a and 36b are created on the first electrode plate 33. 

As shown in FIG. 5, a first driving power supply 42 
is connected between the common electrode pattern 38 and 
the pair of first electrode patterns 36a and 36b. By the 
same token, a second driving power supply 43 is connected 
between the common electrode pattern 38 and the second 
electrode pattern 37 . The first driving power supply 42 
and the second driving power supply 43 are connected to a 
liquid-crystal -driving unit 41, which is connected to the 
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liquid-crystal device 31 as shown in FIG. 1. The first 
driving power supply 42 connected between the common 
electrode pattern 38 and the pair of first electrode 
patterns 36a and 36b generates a driving voltage having 
an electric potential equal to or different from the 
driving voltage generated by the second driving power 
supply 43 connected between the common electrode pattern 
38 and the second electrode pattern 37. 

The driving voltage applied between the common 
electrode pattern 38 and the pair of first electrode 
patterns 36a and 36b as well as the driving voltage 
applied between the common electrode pattern 38 and the 
second electrode pattern 37 are controlled in accordance 
with the type of the optical disk 1 mounted on the 
optical -disk recording & reproducing apparatus employing 
the optical pickup apparatus 10 provided by the present 
invention . 

The type of the optical disk 1 is determined by a 
disk- type -determining unit 45 employed in the optical - 
disk recording & reproducing apparatus shown in FIG. 1 
typically when the optical disk 1 is mounted on the 
optical -disk recording & reproducing apparatus. 
Information on the type is then supplied to the liquid- 
crystal - driving unit 41. The 1 iquid - crys tal - driving unit 
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41 controls the driving voltage applied between the 
common electrode pattern 38 and the pair of first 
electrode patterns 36a and 36b as well as the driving 
voltage applied between the common electrode pattern 38 
and the second electrode pattern 37 in accordance with 
the type of the optical disk 1. 

The disk- type - determining unit 45 may determine the 
type of an optical disk, which has anyone of various 
track pitches and is accommodated in a disk cartridge, on 
the basis of an identification hole provided on the disk 
cartridge. The disk- type-determining unit 45 may also 
determine the type of an optical disk in dependence on 
whether or not address information recorded in advance on 
a track of the disk can be reproduced from the track with 
a focus servo turned on. 

Such address information can be reproduced if the 
beam diameter is large enough for tracing the track. On 
the other hand, such address information cannot be 
reproduced if the beam diameter is not large enough for 
tracing the track. 

If the disk - type - determining unit 45 detects an 
operation to mount the second magneto - optical disk lb or 
the third magneto-optical disk lc, which has a small 
track pitch Tp, on the optical-disk recording & 
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reproducing apparatus, control is executed so that the 
liquid- crystal -driving unit 41 applies a voltage VI 
between the common electrode pattern 3 8 and the pair of 
first electrode patterns 36a and 36b and applies the same 
voltage VI between the common electrode pattern 38 and 
the second electrode pattern 37 in the optical pickup 
apparatus 10 provided by the present invention. The 
applied voltage VI is controlled to such a level that the 
molecular orientations of the crystals in the entire area 
of the circular aperture 35 coincide with the 
polarization direction of the linear polarization optical 
beam Li incident to the liquid- crystal device 31. As 
described above, the area of the circular aperture 35 is 
an area corresponding to the second electrode pattern 37 
and the pair of first electrode patterns 36a and 36b. 

The linear polarization optical beam Li incident to 
the liquid-crystal device 31 controlled so that the 
molecular orientations of the crystals in the entire area 
of the circular aperture 35 coincide with the 
polarization direction of the linear polarization optical 
beam 1^ reaches the objective lens 15, which passes on the 
optical beam Li as it is without generating optical 
aberrations at the focal point due to the local phase 
differences. Thus, the linear polarization optical beam 



Li is converged without causing astigmatism due to phase 
differences. As a result, the linear polarization optical 
beam L x having a wavelength of about 780 nm is converged 
by the objective lens 15 having a numerical aperture (NA) 
of about 0.62 to form a beam spot Bsi having a spot 
diameter Sri of about 1.53 microns on a recording track 22 
of the second magneto - optical disk lb or a recording 
track 23 of the third magneto - optical disk lc. In this 
state, the beam spot Bsi is capable of recording an 
information signal onto the recording track 22 of the 
second magneto-optical disk lb or the recording track 23 
of the third magneto - optical disk lc, or reproducing an 
information signal from the recording track 22 of the 
second magneto-optical disk lb or the recording track 23 
of the third magneto - optical disk lc as shown in FIGS. 3 
and 4 . 

if the disk- type-determining unit 45 detects an 
operation to mount the first magneto-optical disk la 
having a large track pitch Tp on the optical -disk 
recording & reproducing apparatus, on the other hand, 
control is executed so that the liquid-crystal-driving 
unit 41 applies the voltage VI between the common 
electrode pattern 38 and the second electrode pattern 37, 
and applies a voltage V2 having an electric potential 
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different from the voltage VI between the common 
electrode pattern 38 and the pair of first electrode 
patterns 36a and 36b in the optical pickup apparatus 10 
provided by the present invention. 

That is to say, the voltage VI, which is applied 
between the common electrode pattern 3 8 and the second 
electrode pattern 37 when the first magneto -optical disk 
la is mounted on the optical-disk recording & reproducing 
apparatus, is controlled to such a level that the 
molecular orientations of the crystals in the entire area 
of the circular aperture 35 coincide with the 
polarization direction of the linear polarization optical 
beam Li incident to the liquid-crystal device 31. Thus, 
an optical beam L la incident to an area of the liquid- 
crystal device 31, in which the second electrode pattern 
37 is created, is passed on as it is without generating a 
phase lag to the objective lens 15. 

On the other hand, the voltage V2 applied between 
the common electrode pattern 38 and the pair of first 
electrode patterns 36a and 36b is controlled to such a 
level that the molecular orientations cause an optical 
beam L lb to propagate at a predetermined phase lag. The 
optical beam Li b is part of the optical beam L x passing 
through the circular aperture 35. In particular, this 
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part or the optical beam L a passes through an area of the 
liquid-crystal device 31, in which the pair of first 
electrode patterns 36a and 36b is created. In this way, 
the optical beam L lb , that is, the part or the optical 
beam In passes through an area of the liquid- crystal 
device 31, in which the pair of first electrode patterns 
36a and 36b is created, propagates at a predetermined 
phase lag. As a result, there is generated a phase 
difference from the optical beam L la incident to an area 
of the liquid- crystal device 31, in which the second 
electrode pattern 37 is created. 

As shown in FIG. 7, the optical beam L x locally 
displaying a phase difference as described above 
generates astigmatism Sa as aberration corresponding to 
the phase difference at a position of the focal point f 0 
of the objective lens 15. By generating the astigmatism 
Sa in this way, a beam spot S 2 of the optical beam L x 
formed at the position of the focal point f 0 of the 
objective lens 15 can be changed as shown in FIG. 2. The 
formed beam spot Bs 2 has a lengthened spot diameter Sr 2 
for a portion extended by the astigmatism Sa. 

Thus, to radiate the optical beam Lj over the 
entire width of the recording track 21 created on the 
magneto -optical disk la wherein the width of the 
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recording track 21 is greater than the original spot 
diameter Sri of the optical beam L x , the spot diameter Sx-l 
needs to be extended to cover both the edges of the 
recording track 21 like a spot diameter Sr 2 shown in FIG. 
2. For this reason, the first electrode patterns 36a and 
36b for locally generating a phase lag in the optical 
beam L x passing through the liquid-crystal device 31 are 
positioned in the liquid-crystal device 31 at both the 
sides of the transversal direction of the recording track 
21 created on the optical disk 1 as shown in FIG. 6. By 
arranging the liquid-crystal device 31 in this way, the 
astigmatism is generated in the transversal direction of 
the recording track 21 and the beam spot Bs 2 can be 
enlarged also in the transversal direction of the 
recording track 21. Thus, the optical beam Lx having a 
small spot diameter Sr in comparison with the track pitch 
Tp can be used for tracing over the entire width of the 
recording track 21 having a large track pitch Tp. 

At that time, the astigmatism is generated only in 
the transversal direction of the recording track 21, and 
generation of the astigmatism in the longitudinal 
direction of the recording track 21 can be suppressed. 
Thus, the optical beam Li can be utilized with a high 
degree of efficiency in operations to record and 
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reproduce an information signal . 

It should be noted that the second voltage V2 
applied to the first electrode patterns 36a and 36b for 
controlling the molecular orientations of the crystals so 
as to cause the optical beam L lb to propagate at a 
predetermined phase lag is set at a proper level 
corresponding to the astigmatism Sa to be generated. 

As described above, the embodiment implements an 
optical pickup apparatus using a magneto - optical disk as 
a recording medium and an optical -disk recording & 
reproducing apparatus employing the optical pickup 
apparatus. It should be noted, however, that the present 
invention can also be applied to an optical pickup 
apparatus capable of selectively using an optical disk 
having any of a plurality of types with track pitches 
different from each other as well as an optical -disk 
recording & reproducing apparatus and an optical -disk 
reproducing apparatus that employ the optical pickup 
apparatus . 

As described above, in accordance with the present 
invention, the spot diameter of an optical beam converged 
on an optical disk by a spot - diameter control means is 
adjusted in accordance with the track pitch of recording 
tracks created on an optical disk. It is thus possible to 
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record and reproduce an information signal onto and from 
an optical disk having any of a plurality of types with 
track pitches different from each other. To be more 
specific, by using an optical beam generated by a single 
light source at a single wavelength, it is possible to 
record and reproduce an information signal onto and from 
an optical disk having any of a plurality of types with 
recording densities different from each other due to 
different track pitches of recording tracks formed on the 
optical disk. As a result, it is possible to provide an 
optical pickup apparatus having a simple configuration 
and a small size as well as an optical-disk recording & 
reproducing apparatus and an optical -disk reproducing 
apparatus that employ the optical pickup apparatus. 

In particular, as the light source, the present 
invention employs a semiconductor laser which has been 
widely used to serve as a means for oscillating an 
optical beam having a wavelength of 780 nm. It is thus 
possible to reduce the price of the optical pickup 
apparatus as well as an optical -disk recording & 
reproducing apparatus and an optical -disk reproducing 
apparatus that employ the optical pickup apparatus. In 
addition, the semiconductor laser used as a means for 
oscillating an optical beam having a wavelength of 780 nm 



has low power consumption, a small temperature 
coefficient and a small amount of heat dissipated by the 
semiconductor laser itself in comparison with a 
semiconductor laser used as a means for oscillating an 
optical beam having a small wavelength. It is thus 
unnecessary to take a measure for coping with the thermal 
dissipation in order to get stable oscillation of an 
optical beam generated by the semiconductor laser mounted 
on the optical pickup apparatus. As a result, it is easy 
to implement a small and thin optical pickup apparatus. 

While a preferred embodiment of the present 
invention has been described using specific terms, such 
description is for illustrative purposes only, and it is 
to be understood that changes and variations may be made 
without departing from the spirit or scope of the 
following claims. 
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